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SUMMARY

 Thirty kilocuries of Bal'C

 were processed in ORNL-RaLa run #46
with an overall loss of\8.6$, 0.6% from ion exchange and 8.0% from the pre-
cipitaﬁiox; ‘steps. About 60% of the product was not soluble in water, how-

ever, after one fuming nitric acid precipitation but was completely soluble

- after two precipita.tions. An investigation of the factors involved indi-

cated that the ‘.Ba(N03)2 was proba‘bly not rendered insoluble as the result of
decomposition by radiation or heat but rather as a result of the presence
of sulfate or other resin radiation decomposition products._ The fuming nitric
acid procedure was revised to ensure fhe completé remcval of sulfate when the
mole ratio of Soh=/Ba‘H‘ is one "by means of one preciﬁitation or complete
removal of sulfate for any mole ratio of SO;;’/B&.'H' aftber two 'precipitations‘.
(See Table I.) |

Preliminary results indicate that precipitation of lead-barium

nitrate from 13M nitric acid will eliminate the last traces of suli%ate that
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’ ‘ remain .a.fter the carbonate metathesis step. This precipitation would obviate
. the need for' the pH adjustment on the highly radiocactive Versene feed solu-
tion. The latter is now used to dissolve the water insoluble ba.:ium—lee.d
sulfg.te reéidue.

A process was developed for the recovery and purification of stron-r
tium from the ORNL-Rala Versene waste solution. The yield for this process
is > 97% and tt;e product should contain less than <5.0 x 10” % and <0.1% of
the Ce and Ba initially present in the feed solution (see flowsheet Figures

. 1,2, and 3).

The total gross B activity proceésed in Rala run #46 was approxi-
mately 40 kilocuries. The total B radiation received by the resin column
was calculated ag 0.515 KWH corresponding to 0.27 KWH/Kg over dry H' form
resin. The titration of the column for capacity loss vasv erratic and indi-

' cated either a zero loss in capacity or a 20% increase in capacity. The
latter would be possible as ‘the result of the oxidation of C-C bands and the
formation of. car‘boxyl gronps. N

Scale demonstration runs of the over all MTR-Rala process failed

to achieve the necessary decontamination of aluminum a.nd rare ea.rths as shown- .

in the previously published flowsheet. As a result s the sodium hydroxide
elution of allmimnn will be replaced with a. sodium citrate elution at pH 3.2
which will selectively elute both aluminum and rare ea.rt.hs.

Spectrophotometric analyses of a godium Versenate-sodium nitrate

60

solution which had been irradiated by a CO™" source indicated that Versene

is decomposed initially at a rate of approximately 0.69 milli moles/watt .

-4

¢ hour in an 8.40 x 107" watt/gm field and at’0.55 milli moles/watt hour in a

i 1. 2.18 x 10’3 watt/gm field. These values are being rechecked to see if their
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difference is due to rate of irradiation or to a possible difference in their
equilibrium oxygen content. After twenty watt hours/gm qf irradiation the
concentration of Versene had decreased.by about 50% and its raté of &ecomposi-
tion had apparently approached zero. Two mechanisms to describe tﬁis system
are: (1) The organic radiat;on decomposition products are selectively oxi-
dized in the 1ater.stages of irradiation and thus protect the Versene; or (2)
The organic decomposition products ébsorb in the same spectrophotometric range
as Versene and are thus mistaken for Versene. An exact analysis of the irra-
disted solutions will be attempted.

The pH of the Versene solutions (0.065M) rése from 6.3 at an approxi-
mate rate of 60 units/watt hour/gm to the range of 8.5 to 9.5 and then remained

constant (see Figure 4.0).

1.0 ORNL-Rala

| RaLa run #46 processed 30,000 curies of bariuﬁ'éith an overall loss
of 0.6% from ion exchange and 8.0% from the precipitation steps. In general
the proceés proceded‘very smoothly. ' Two difficulties were encduntered, how-
ever,kin that the samplers worked erratically during the pH adjustment period
causing a’delay and s consequent increase in column irradiation time of two
hours. Also the product was not completely soluble in water after one fum-
iﬁg nitric precipitation. Development work designed to eliminate these diffi-
culties is listed in the following sections.

1.1 Product Sclubility

About 60% of the Ba product from the recent Rala run was not éolu-
ble in water after one fuming ﬁitric acid precipitation but was completely

soluble after two precipitations. Three possible explanations for the forma-

tion of an insoluble salt from the solid Ba(N03)2 precipitate are:




(1) Decomposition as a result of radiation (449.56 beta watt hrs./gm Ba
(N03)p)s

(2) Thermal decomposition (86.6 calories)/gm of Ba(NQ3)2; and

(3) preseﬁce of sulfate or other resin decomposition producta.

Laboratory experiments showed, however, that baking a‘Ba(NO3)2 pre-
cipitate for ten minutes at 300°C did not form an ingoluble compound and
irradiating solid Ba(N03)2 for one week in the 3000 curie co%0 source (~0.1%
watt hOur/gm Ba(NO3)p) did not form an insolﬁble compound. Experiments by
Ghormley, in which Ba(NO3), was irradiated to 25 watt hours/gm of Ba(NO3)2

in a Van Der Graff beam or for eight days at the center of the X-10 pile,

'also showed no formation of insoluble material although 20.0 and 3.0% of the

nitrates were converted to the nitrites in the two experiments respectively.
It was concluded that the barium waskinéolubie due to thé presence of sulfaté.
Only 80% of the barium is precipitated~as water soluble Ba(NO3),
when the mole ratio of Soh""/Ba"'+ is ~1.0 using the present flowsheet proce-
dure for precipitation from 85% nitric acid. In this procedure #he column
product eluate, 16.0L of 9.QM‘ENO3, ié evaporated to 2.0L and the barium
precipitated by the addition of 6.0L of 91% HNO3. . Subsequent experiments
showed, however, that a quantitative precipitation of Ba(N03)2 was obtained
vhen the colum eluate was evaporated to 8.0L, and 9.0L of 91$VHN03-added as
precipitant. Two precipitations using iﬁis procedure would therefore pro-
duce pure Ba(NO3)p from solutions containing any mole ratioc of Sog=/Ba*+.

This hypothesis was verified by a two cycle treatment of a solution contain-

~ ing a 80),~/Ba** mole ratio of 9.3 (see Table I).

The success of the above procedure is undoubtedly due to the.faét

that appreciable quantities of Ba S0) are not precipitated during the evapora-




tion to the lafger volume dué to the relatively high solubility of BaSOj in
strong nitric acid, although partial precipitation of Ba(NO3)2 does occur

during the evaporation. This theory is proved by the failure of 91% nitric
acid to metathesize solid Ba SOy . Treatment of Ba 50), with 91% nitric acid

converted only 20% of the solid to water soluble Ba(N03)2. Apparently only

~ the outer part of each crystal is metathecized in this manner.

1.2 Conversion of Lead-Barium Sulfate to Nitrate with Nitric Acid

The metathesis of Ba S0) - Pb SO) to Ba(003)2 - Pb,CO3 with KéCO3

- in the‘ORNL-RaLa process ié not complete. As a result the barium is not

completely soluble in the sodium acetate columm feed solution and must be
dissolved in Versene at pH'6.0-6.3. Elimination of fhe remaining sulfate
would obviate the need for a pH adjustment on the highly radiocactive feed
solution. | ‘
Preliminary experiments on solutions containing 10% of the amount

of sulfate originally present before carbonate metathesis indicated that the

‘sulfate can be completely eliminated by dissolution. of the (Pb, Ba)(sou;co3)'

cake in nitric acid and precipitation of Pb(N03)2 - Ba(N03)g from strong

nitric acid. The procedure is to dissolve the cake in 15.0L of 6}03 HNOg

 and heat to 90-100°¢C fqr fifteen minuteé to ensure the complete dissolution

of the sulfates; cool, and add 15.0L of 90-92% nitric acid; filter, and
digsolve the precipitate in the sodium acetate feed soclution.

| Several other aspects will be investigated before this procedure
is recommended. They include the solubility of 120 gm of Pb and‘five gm of

Ba in 6.Q§ nitric acid as a functién of sulfate concentration; and the solu-

.bility of barium sulfate in niftric acid.




1.3 Radiation Stability of Dowex~-50 Resin

During Rala run #46 the resin column processed approximately 42,000

: 8 k1, 1hh
gross p curies, 30,000 of Balho, 1,250 of Sr 9, 90, TO0 of Ce and 11,000

of Lalho. All solutions.passing into and ‘leaving the column were analysed for
these activities and their avérage regidence time on the columm calculated.
The total B radiation energy received by the column was 0.515 KWH correspond-
ing to 0.27 KWH/Kg over dry resin or 0.13 KWH/iiter ): forﬁ regin. The column
was titrated fof total capaclty both before and after the run. The first
result indicated a gain in capacity of 20% which would indicate the formation

of carboxyl groups from the oxidation of carbon linkages. A second titration

a8 a recheck Indicated zero change in capacity. It is unknown at present

vhéthér the first titration was in error or if carboxylic monomer decomposi-
tion products were washed from the resin between the first and second titra-
tions. The resin will be titrated with a buffer solu#ionkafter the next run
in sddition to the regular strong acid to determine the fraction of the capa-

city made up from carboxyl groups.

[

1.4 Production oeradiostrontium

A proce&ﬁre was developed for thé recovery and purificationjbf stron-
tium ffom tﬁe ORNL-Rala Versene waste. The main steps in,thisﬂprocess are
listed as‘follovs. A more deiailed presentation was published in a separate
memo (ORNL-CF-52-1-34) . |

(1) Adjust the Versene waste'to pH}h.O-h.3 and pass the solution
through a Dowex-SO-Na resin column. Barium and’ strontium are adsorbed while
the bulk of the rare earths pass through

(2) Selectively elute the balance of the rare earths with 0 -5M

sodium citrate at pH 3.5.
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e (3) sSelectively elute the strontium with 0.2M sodium citrate at pH

(4) Elute barium with 0.25M Versene at pH 11.0.

(5) Clean and reactivate'the colum with nitr_ié acid.

(6) Adjust the strontiumAcitrate eluate to a pH of <1.0 and pass the
solution through the column to readsorb the strontium and eliminste the ci- ,
trate.

(7) Selectively elute the sodium with dilute hydrochloric acid.

(8) Elute the strontium in 9.0M nitric acid.

(9) A fipal purification is obtained by precipitation of strontium
‘nitrate from 85% nitric acid.

See flowsheet (Figures 1, 2, and 3).

/9. 2.0 MIR-Rala

2.1 Demonstration Runs

A flowsheet for the purification of barium by the MIR-Rala pro;ess
was issued in the la.;st quarterly report as e summation of la.boratory experi-'
ments performed on the various sections of ~the process. Subsequent scale”
runs on the overall process ,‘ containing ﬁhe calculated amotmfs of fission
products expected from a maximum irradiation of 3ﬁ days, falled to demonstrate
the established decontaminations of aluminum and rare earths. It was fouﬁd
that the masses of aluminum and rare earths are aidditive duziing a fuming
nitric acid pre:ipité.tion. A large amount of aluminum reciuées the solubility
of tﬁe rare earths and vice versa. As a result the expeéted decontamination
of cerium (rare earths) was not obtained dui'ing the first fuming nitric acid
precipitation. It was also found that the scdimn Eydroxide used to selec-

tively elute the aluminum from the resin column precipitated the rare earths




(€]

in the resin particles so that only w50% of the rare earths were eluted by

the Versene solution.

2.2 BSelective Elution of Aluminum and Cerium

The ion exchange process was reinvestigated for the purpose of eli-
minating the sodium hydroiide elution of aluminum and substituting an oxalic
and/br citric acid elution of both alumig@m and rare earths.

A series of seven runs were céffied out to study the variables
involved. The experiments showed that (i)’sodiﬁm citrate at pH 3.0-3.5 is
much more effective than citrate or Versené at pH 6.0-7.0 for the selective

elution of aluminum and rare earths. Sodium citrate at PH 3.0 was the most

effective for elution of sluminum while pH 3.5 was the best for rare earth

elution. Citrate at pH 3.5, however, also complexes bariumvsomeﬁhat and
resulted in a 5% barium loss during the subsequent step for the selective
elution of strontium. Sodium citéate at pH 3.0-3.5 was also more efficient

for aluminum elution than oxalic acid at reagent pH 0.78. Sodium oxalate

-at pH 2.5 eluted aluminum efficiently but precipitated the rare earths in

the resin particles and thus impaired their subsequent elution witﬁycitrate:
It was concluded that the optimug process condition fqr the selec-

tive elution of aluminum and rare earthsis 0.5M sodium citrate at pH 3.2

and that this reagent should replace:the sodium hydroxide in the present

flowsheet. Demonstration runs oﬁ the overall proéess are now underway.

X 2.3 Acid Hold Up in Celite Filter Cake

Demongtration runs showed that approximately twb moles of nitric

E 3

aéid were held up in the celite filter cake during the filtration of the

V35¢ nitric acid from the first precipitation step. This amount of acid.

corresponds to eighteen equivalents of acid/kilo of filter aid. The pre-

-




sence of this acid in the column feed caused the barium toc be caught too low

on the column as the result of the complexing action of the nitrate, and

~ resulted in excess barium losses during subsequent elution steps.

In order to lower the acid hold up, the amount of.celiﬁe filter
and was halved to a total of 40 gm, 20 gm as filter aid ahd 20 gms as the
filter precoat (X1 gm/in.e). In addition the column feed was diluted to 20L
instead of 10L to decrease the effect of the ﬁitrate. |

Water will be used to dissolve the Ba(N03)2 cake instead of sodium
nitrate in a further effort to lower the nitrate conceﬁtration. Since the
sodium ion is needed in the column feed to hold the resin in the sodium form,

about one half of the acid in the feed will be neutralized with sodium

hydroxide.

REB:bl




DIOV 57337N JUTUNG UITA S9843TN WNTIed OF SF6FINS WATJIeg JO UOTSIBATOD

I sTqeln

T6° 06 0°0 6L°Lg - 9€*0 6 0°g 01 ®
91" €6 94'0 29" %g %9°0 6 o.m oot . | ®
9° 10T 1 e° 66 29°'0 6 0* 01 BG
aTok) PUg
gE" 16 0°0 . 65°06 6L°0 6 0°g 0T o1
== - e6°0 ™t 6 o°'g €6 m
== -- (YA 6E°T 6 0°'g T°6 |
-- -- 65°0 11°0 6 0°€ €6 ¢
oL L9 Te'0 o1°0 9 o'ec | °
A*h6 802 L-6L gL'o 9 0'2 €6°0 T
sousTey , - R
TeTaag8i sTqnTosul aTqnios 998I3TTd - (8393717) (sx9371T) sa/Mos #
TTBILAQ J398M - 19980 , PTOV OTIFIN suMTOA oTrE T uny
(3usda9d) umyxeg Jupumg snpysay T35y STOH
aT1o4kp 38T
. ?& yBnoayy (a) sdegs p.m&,on pus (J) @3exodsag (3) "o._”_oho U
" D,00T-06 3® EONH HO'6 Jo 8393IT 0'9T UT 938JMS WNTIBq Paye3Tdioaad SATOSST( | (F) |
4 *J99BAM UT 93BX3IU umixsq pajejtdrosxd satossiq (9)
*PIOB OTI3TU $Gg JO SIS3TT 0°3 UITA 33e31drosad yses pus I3TTd  (P)
: _ * ($26-06) PTO® oTI3FU Fupumy PPy (°) :
*0oG2 0% TOO0D PUB SUWNTOA SNPEISII PowOTPUT 03 a3exodeam (q) :9To4D 38T
(*ad ou paursquod yotum ‘oT# 3daoxs suna 1% no.mw ad *3m 06 | '
*+ I908I% .n.wm entd ,,eq (‘w8 ¢ mmﬁoz #6£0°0 . .
10,00T~06 38 mozm HO*6 30 8I23TT 0'9T UF SUTAOTTOJ 943 aAT088IQ (B) :8ampadoad




. SR Focirarty
.V‘uk “-;u ys[uJ.LL

1 Mole Versené

4 Mcles NaoH

1.6 Moles HJCB
50.0L

wvaporate to
14,01,

Gonm;

1.0L
1M HalH
1.0L

DHIL, 0O.25%

TANK WASH

;&20
6.0L

I

ADSORETION

ELUTION

STRONTTIUM
ELUTION

BARTUM" |
ELUTION

| COLUMIT
CLEA] UP -

Ad just pH
to 4,0-h, 3
- 20.0L

|PH3.5,0.54

Sodium
Citrate.

*10.0L

Sodium

Citrate

pH9.0,0.2M
12.0L

Sodium

Versenrate
1pHEL1 .0, 251

b, oL

2.0} 703,
9. OH HXOQ.
13 OT ,“4

WASH

WASH

'»{ASH

WASE

~HzO .
2.0L°

120
10.0L

“WASH
2.0L

3238

10.0L

~ Hp0 5
10 0L

Y

-

ION -

hearde
PR

3.1L. 15" in Height x 4"

D'owex»SO Resin-Ha®
12

HATIGE COLUIN
in Dianeter
. 60-100 Mesh .-

A

=)
i

WASTE

Ba <0, 01,4
S"“O O.L[.‘/
Ce 1,5%

20,01

PRODUCT

Ba <0,05%
- Sr >90‘,i A

Ce<o

c/-)

lh.OL




70% HNO3 0.6L

‘CcRUDE - | | -] soormd
PRODUCT : ELUTION
Sodium Citrate
' pHXL.0 1.0M HC1
19.6L - - 10.0L

YASE ‘ _ JASH
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'FLOWSHEET: Y : oF
STRONTIU FROM. m ORI ’L-’%aua VERSERE VASTE

Colunn Product
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WASH
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DISSOLUTION
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1.0OL

5% 110
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A
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Na - 15em
Fe . WL
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ﬁ, g
—»51:1o~%
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